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which, Baedeker says violates the second law, and hence the theorem. Baedeker failed to notice, however, that in the above inequality the metals must be arranged in such an order that dEAB/dt is positive. His proof therefore holds only when dEAC/dt and dEcz/dt are both positive. The correct theorem is that if the relation of perfect reversibility holds for any pair of metals A and J3 (dEAB/dt being positive), it also holds for all pairs of metals between A and B that may be chosen from the series of metals arranged in ascending order of dEAx/dt.
In practise, however, an equation can only be shown to hold within limits.    So that instead of a perfect equality we should only have
where e is some positive quantity. The argument above now shows that if C is any third metal intermediate between A and B, dEAc/dt cannot exceed PAG/* by more than e. But dEAC/dl is numerically less than dEAB/dt, so that the percentage verification of the formula for the pair AC is not so good as for the pair AB.
If therefore a method is available in which the limits of accuracy are percentage limits, this theorem, contrary to what Baedeker supposed, does not allow us to dispense with an experimental verification of the formula for every pair of metals.
There is no inequality corresponding to
dEAB ^ PAB dt    =    /
connecting the Thomson heats with the electromotive force of the circuit. The analytical reason is that the two sides of an inequality may not be differentiated. The experimental verification of the formula for the Thomson heats is not yet as complete as that for the Peltier heat.
I shall assume in the following, as most probable from the present data, that the thermodynamic relations obtained by neglecting irreversibility are strictly true, but in my opinion the question cannot yet be regarded as closed.
Consider next the location of the E.M.F. A glance at the thermodynamic arguments shows that we have said nothing about the intensity of the forces at any locality; we have merely equated the total work done in the circuit by the E.M.F. to the total energy inflow in the form of heat, and our justification is the experimental fact that in the complete cycle no other forms of energy have any net effect. The thermodynamic results are entirelv unaffected by adding: to any possible physical dis-